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320a Monday, February 17, 2014excitation-contraction coupling. Furthermore, the high fidelity of the signal
enabled a critical examination of non-spark Ca2þ leak that is currently thought
to play a key role in heart diseases. In summay, this new, targeted biosensor
permits the first selective detection of nanodomain Ca2þ dynamics and may
be extended to whole tissues by transfection or transgenic approaches.
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In atrial myocytes lacking t-tubules, fluid pressure (FP, ~16 dyn/cm2) has been
found to elicit global Ca2þ waves: one with longitudinal propagation (L-wave)
and the other with transverse propagation (T-wave). T-wave is associated with
action potential, whereas L-wave often, but not always, triggers action potential
involving T-wave during its propagation. Here we examined spatiotemporal
characteristics, and structural and molecular basis for the FP-induced L-wave
using two-dimensional (2-D) confocal Ca2þ imaging, combined with three-
dimensional (3-D) visualizations of cell membrane and type 2 ryanodine recep-
tors (RyR2), in rat atrial myocytes. We found that FP-induced L-waves gener-
ally originated from central focal Ca2þ release sites (‘‘L-wave core’’) located at
15-25% of the cell length. The core releases had 3~6 signal peaks and grew
faster in one-direction in 2-D measurements. They were more prolonged and
much larger compared with the Ca2þ sparks. Tetracaine (1 mM, 10 s) reversibly
inhibited the FP-induced core release as well as the L-wave, suggesting both
involve the RyRs. Immediately after recording FP-induced L-wave, the cell’s
membrane was further visualized with wheat germ agglutinin (WGA, 1.25
mg/ml). Overlapping the L-wave core and the cell membrane, and reconstruct-
ing the WGA confocal image stacks in 3-D, revealed membrane invagination at
the centrally localized core or in the vicinity of the core site. Interestingly, in
some atrial cells we found denser (z0.62-mm intervals) disoriented RyR align-
ments in the cell interior at ~20% of the cell length and nearby the cell end. We
conclude that the crumpled invaginated surface membrane, associated with
dense RyRs, may play an important role in transducing fluid pressure into
the core Ca2þ signal, resulting in arrhythmogenic L-wave.
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A naturally found alkaloid murrayafoline-A (Mu-A, 1-methoxy-3-methylcar-
bazole) acutely increases ventricle cell contractility partly via enhancement
of L-type Ca2þ current. In the present study,we explored the effects of Mu-A
on elementary Ca2þ release events (‘‘Ca2þ sparks’’) in cardiac myocytes and
possible molecular mechanisms underlying the effect of Mu-A. Rapid two-
dimensional confocal Ca2þ imaging and image analysis were used to assess
spontaneous Ca2þ sparks in single adult rat ventricular myocytes. The fre-
quency of Ca2þ sparks was dose-dependently increased by Mu-A. The duration
and the size of single sparks were also significantly increased by Mu-A. The
sarcoplasmic reticulum (SR) Ca2þ loading, measured as caffeine-induced
Ca2þ transients, was increased by Mu-A. Neither SR Ca2þ clamping nor
removal of external Ca2þ and Naþ affects the Mu-A-mediated enhancement
in Ca2þ sparks. In contrast, prolongation and enlargement of individual Ca2þ
sparks in Mu-A were attenuated by matching SR Ca2þ content to the control
level. Higher propensity of Ca2þ sparks in the presence of Mu-A was not sup-
pressed by the protein kinase A inhibitor, KT5720, or by the calmodulin-
dependent protein kinase II inhibitor, KN93, whereas it was strongly reduced
by the inhibitors of adenylate cyclase (MDL-12,330A) and protein kinase C
(GF109203X). Our data suggest that Mu-A sensitizes ryanodine receptor
(RyR) Ca2þ release channels via specialized signaling pathway involving ad-
enylate cyclase and protein kinase C, and that larger SR Ca2þ loading in
Mu-A may also play a role in enhanced Ca2þ release through the RyRs.
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The local regulation of intracellular calcium has been widely known to play
an important role in the normal excitation-contraction coupling in the car-diac myocytes. While Ca2þ sparks do not normally trigger regenerative
SR Ca2þ release (i.e. Ca2þ waves), under calcium overload conditions cal-
cium sparks can trigger spontaneous calcium waves. While experimental im-
aging using confocal microscopy with fluorescent dyes is the major
technique used to study calcium dynamics inside a cardiac myocyte, the dy-
namics of SR calcium during calcium overload is poorly understood and
controversial. In the study presented here, we present a new temporal-
spatial model of calcium sparks to examine this issue. The resolution is suf-
ficiently high (100nm) so that all critical local fluxes can be properly consid-
ered. The model also takes into account the different expression levels of the
sodium-calcium exchanger (NCX) and SERCA pumps near the SR Ca2þ
release sites. From that, we want to demonstrate different factors contrib-
uting to the characteristics of Ca2þ sparks. This work includes an examina-
tion of the extent of SR calcium elevation, and how much calcium must be
released to support the triggering of a sustained propagating Ca2þ wave
within the cell. The findings presented here will be compared to published
work in other studies.
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Ankyrin-B (AnkB) is a scaffolding protein that tethers to the cytoskeleton and
targets select membrane proteins, including the Naþ/Ca2þ exchanger and
Naþ/Kþ-ATPase, key regulators of cardiac contractility and arrhythmogene-
sis. Humans with loss-of-function mutations in AnkB and mice heterozygous
for a null mutation in AnkB (AnkBþ/- mice) display a complex cardiac
phenotype that includes ventricular arrhythmias and sudden cardiac death.
We have previously shown that AnkB reduction alters cardiac Naþ and
Ca2þ transport and enhances the coupled ryanodine receptor (RyR) openings,
leading to more frequent Ca2þ sparks and waves although the total sarco-
plasmic reticulum (SR) Ca2þ leak is unaffected. Here we tested the hypothesis
that the bias toward more coordinated RyRs openings in AnkBþ/- myocytes
is due in part to enhanced RyR activation by the Ca2þ/calmodulin-dependent
kinase II (CaMKII). We found that spontaneous Ca2þ spark frequency
(CaSpF) increases with rising the pre-conditioning frequency in intact myo-
cytes from Ankþ/- mice (by 50% from 0.5 to 2 Hz), although the amount
of Ca2þ in the SR was practically unnchanged. This effect was significantly
smaller in WT myocytes (only 5% CaSpF increase from 0.5 to 2 Hz). CaMKII
inhibition with KN-93 reduced CaSpF in myocytes from Ankþ/- mice (by
24%, 39% and 26% at 0.5, 1 and 2 Hz, respectively) and greatly attenuated
the dependence of CaSpF on the pre-conditioning frequency. In contrast,
KN-93 had no significant effect on CaSpF in WT myocytes. In fact, with
KN-93 CaSpF was higher in WT vs. Ankþ/- myocytes at all pre-
conditioning frequencies. These data suggest that RyR activation by CaMKII
plays an important role in the enhanced spark-mediated SR Ca2þ leak and
may in part explain the higher propensity for triggered arrhythmias in
AnkB deficiency.
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Stable calcium-induced calcium release (CICR) is critical for maintaining
normal cell contraction during cardiac excitation-contraction (EC) coupling
in heart cells. The fundamental element of CICR in heart is the calcium
(Ca2þ) spark which arises from the regenerative release of Ca2þ from a cluster
of ryanodine receptors (RyR2) in the junctional sarcoplasmic reticulum mem-
brane. We have shown how stochastic gating of RyR2s could produce an SR
Ca2þ leak capable of balancing SR Ca2þ-ATPase (SERCA2a) activity under
quiescent conditions (Williams et al. BJ 2011). This investigation suggested
the surprising finding that a single, or even multiple, RyR2 openings could
fail probabilistically to trigger a Ca2þ spark. To further investigate this effect,
we expanded upon that formulation to create a detailed, local control model of
EC coupling in mouse heart. A number of features were added or modified,
including the addition of a novel seven-state Markov chain model of the sarco-
lemmal L-type Ca2þ channel (LCC). This model features dynamic action-
potential (AP) generation, robust Ca2þ spark initiation and termination, real-
istic [Ca2þ]i transients, and true SR Ca
2þ pump/leak balance. The model sug-
gests that numerous LCC openings are often required to trigger a single Ca2þ
spark. This is consistent with our prior work where multiple RyR2 openings
were needed to trigger a spontaneous Ca2þ spark during quiescent conditions.
